Introduction {#Sec1}
============

Inequalities in mortality by socioeconomic position are among the most consistently reproduced findings in public health research: rates of mortality are higher among those with a lower education, occupational class or income in all countries that have taken the trouble to collect the necessary data \[[@CR1]--[@CR3]\]. The ubiquity and persistence of health inequalities, despite the rise of the welfare state and some countries' explicit attempts to narrow them, even give the impression that health inequalities are resistant to policy-making \[[@CR4]\].

However, with data on more countries and longer periods of time becoming available, it is increasingly becoming clear that these inequalities are more variable and dynamic than is often appreciated. Within Europe, inequalities in mortality are smaller in the Mediterranean region, and larger in the former East bloc, with Northern Europe also having surprisingly large inequalities in mortality, particularly among women \[[@CR1]\]. In many countries, relative inequalities in mortality (as indicated by, e.g., the rate ratio of mortality among lower as compared to higher socioeconomic groups) have risen strongly, whereas absolute inequalities (as indicated by, e.g., the difference between the mortality rates of lower and higher socioeconomic groups) have followed a more variable course \[[@CR5]\].

These variations between countries and over time are important because they show that the magnitude of inequalities in mortality is far from fixed, and that there is, in principle, large scope for reducing health inequalities. In this paper, we aim to identify the European countries which have been more successful than others in containing or even reducing inequalities in mortality, and we exploit variations between countries to identify the factors associated with narrowing and widening of inequalities in mortality.

Methods {#Sec2}
=======

Data {#Sec3}
----

We collected and harmonized register-based mortality data from 15 European countries covering all parts of the subcontinent. Most data cover complete national populations with the exceptions of England and Wales and France (1% representative samples) and Spain and Italy (Barcelona and Turin only). Most data stem from a longitudinal mortality follow-up after a census. An overview of the mortality data sources and some key characteristics of the data are given in Web appendix Table A1. Web appendix Table A2 gives details on the causes of death used in the analyses.

Socioeconomic position was indicated by highest level of completed education, in three categories: 'low', 'mid', and 'high' (corresponding to ISCED 1997 categories 0--2, 3--4 and 5--6, respectively). We focused on educational inequalities (instead of, e.g., occupational inequalities) because comparable data were available for a wider range of countries, and because education is normally completed in early adulthood, which avoids most problems of reverse causation \[[@CR6]\]. The analyses were restricted to ages 35--79 years because at advanced ages the proportion of high educated becomes very small, and education becomes a less sensitive indicator of socioeconomic position.

For our analysis of possible determinants of trends in mortality inequalities we extracted four national-level variables from harmonised international databanks, each of which has been shown to be associated with mortality in cross-national analyses in Europe: national income (natural logarithm of Gross Domestic Product (GDP) per capita, measured in purchasing power parity adjusted US\$; source: World Health Organization Health for All Database; higher income is associated with lower mortality \[[@CR7]\]), income inequality (Gini index of net equivalised household income; source: Standardizing the World Income Inequality Database; higher income inequality is associated with higher mortality \[[@CR8]\]), level of democracy (combined Freedom House---Polity2 democracy score; source: Quality of Government Dataset; transition to democracy is associated with a temporary rise in mortality \[[@CR9]\]), and health care expenditure (current expenditure on health as a percentage of GDP; source: World Health Organization Health for All Database; higher health care expenditure is associated with lower mortality \[[@CR10]\]).

We also collected and harmonized data on two determinants of mortality that were available by level of education: smoking (current cigarette smoking; source: national health interview surveys; higher prevalence of smoking is associated with higher mortality \[[@CR11]\]) and material deprivation (inability to pay for at least three out of nine items deemed necessary for a normal life; source: EU Statistics on Income and Living Conditions survey; higher prevalence of material deprivation is associated with higher mortality \[[@CR11]\]).

Analysis {#Sec4}
--------

Mortality rates by educational level were directly age-standardized using the European Standard Population \[[@CR12]\] and five-year age-groups. We also calculated partial life expectancies between the ages of 35 and 80 (years of life lived, as a measure of 'attainment') and differences between partial life expectancies and the theoretical maximum of 45 years (years of life lost, as a measure of 'shortfall') \[[@CR13]\].

With these outcomes we calculated a total of eight measures of inequalities in mortality, capturing different perspectives on inequality: Rate Differences and Rate Ratios of mortality rates, Slope Indices of Inequality and Relative Indices of Inequality (which, in contrast to simple Rate Ratios and Rate Differences, make an adjustment for shifts in the educational distribution \[[@CR14], [@CR15]\]), Differences and Ratios of years of life lived, and Differences and Ratios of years of life lost. We refrained from adding even more measures, such as the recently developed Slope Index of Inequality for years of life lost \[[@CR16]\]. Please note that absolute differences of years of life lived and years of life lost are numerically identical. We used a wide range of measures of inequalities in mortality to counter recent criticism against reliance on a more restricted set of measures that is biased towards finding widening inequalities \[[@CR13]\].

In order to analyse the relationship between determinants and inequalities in mortality we conducted panel (or pooled cross-sectional time series) analyses in which mortality was modelled as a function of national-level determinants, using country- and period-fixed effects, in the following way:$$\documentclass[12pt]{minimal}
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For the determinants that were available by level of education, i.e., smoking and material deprivation, we conducted similar analyses, in the following way:$$\documentclass[12pt]{minimal}
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All regression analyses were done with the SPSS 24 routine for linear mixed models. This allowed us to apply a multilevel framework and thus to take into account dependency of data within countries and time-periods. We used an autoregressive model of order 1 to take into account the year-on-year serial autocorrelation in the mortality rates.

Role of the funding source {#Sec5}
--------------------------

The study sponsor had no role in study design, collection, analysis, and interpretation of data, writing of the report, or in the decision to submit the paper for publication.

Results {#Sec6}
=======

Trends in mortality have generally been favourable, both for the low and the high educated, and regardless of whether we study mortality rates, years of life lived or years of life lost. We illustrate this in Fig. [1](#Fig1){ref-type="fig"} with data on years of life lost between the ages of 35 and 80. In Northern, Western and Southern Europe, these shortfalls in life expectancy have steadily declined over this time-period, both among the low and high educated, but in Eastern Europe recent improvements represent a reversal as compared to unfavourable trends up to around the year 2000 (full details in Web appendix Table A3).Fig. 1Trends in years of life lost between the ages of 35 and 80 years, by country, gender and level of education. Notes Years of life lost calculated as partial life expectancy (between the ages of 35 and 80 years) minus 45 years. Dashed lines: Eastern European countries; dotted lines: Northern European countries. Scale for men and women different

Mortality has always been higher, and life expectancy lower, among the low than the high educated, but due to differences in the rate of improvement between low and high educated, gaps have sometimes narrowed, sometimes widened over time. We illustrate this in Fig. [2](#Fig2){ref-type="fig"} with Slope and Relative Indices of Mortality. Among men, the Slope Index of Inequality (SII), which measures absolute differences in mortality rates between education groups taking into account their relative sizes, has mostly gone down, whereas the Relative Index of Inequality (RII) has mostly gone up. Among women, the trends are more variable, but here too the trends in absolute inequalities (SII) are much more favourable than trends in relative inequalities (RII).Fig. 2Changes in Slope Index of Inequality and in Relative Index of Inequality for mortality, by country and gender.Notes: Start = around 1990; end = around 2012. \*Start = around 2000; end = around 2012. For exact timing of observation periods, see Table [1](#Tab1){ref-type="table"} and Web appendix Table A1

Whether a narrowing or widening has occurred is strongly dependent on the measure used. Table [1](#Tab1){ref-type="table"} presents the changes in all eight measures of inequality, and while it confirms that trends in absolute inequalities have usually been more favourable than trends in relative inequalities, it also shows that the reverse is the case for years of life lived, for which relative differences sometimes narrowed even though absolute differences widened.Table 1Annual changes in eight quantitative measures for the magnitude of inequalities in mortalityFor each inequality measure, this table presents per cent per annum changes calculated between beginning and end of the observation period. For Eastern Europe (in italics) changes have been calculated over a more recent period, with declining mortality, only. In green: narrowing of inequalities in mortality; in red, widening of inequalities in mortality. Each inequality measure was also used to calculate a country's rank (with 1 representing the country with most narrowing or least widening of inequalities), and then to calculate a country's average rank over all eight inequality measures (with lower values indicating more narrowing or less widening; see Web appendix Table A4). In green: best performing countries; in red: worst performing countries

However, ranking of countries in terms of more or less narrowing of inequalities in mortality is hardly dependent on the measure used. This ranking is presented in Web appendix Table A4 and the last column of Table [1](#Tab1){ref-type="table"}. Because mortality in Eastern Europe started to decline only recently, these countries have been ranked separately.

Combining all eight measures of inequalities in mortality, Austria, Italy (Turin) and Switzerland have had the most favourable trends among men, whereas Spain (Barcelona), England and Wales, and Austria have had the most favourable trends among women. On the other end of the scale, Finland, Norway, and Denmark have seen the least narrowing of inequalities in mortality. In Eastern Europe, Hungary (men) and Estonia (women) performed best, and Lithuania performed worst.

What drives differences between low and high educated in the pace of mortality decline? As a first step, we have identified the causes of death for which mortality decline has been faster or slower among the low than among the high educated (Fig. [3](#Fig3){ref-type="fig"}). The 13 causes of death included in this analysis present a highly variable picture. For example, absolute declines in mortality from ischemic heart disease and amenable causes were mostly faster among the low than among the high educated (shown as negative values in Fig. [3](#Fig3){ref-type="fig"}), whereas declines in mortality from breast cancer and other cancers have mostly been faster among the high than among the low educated (shown as positive values in Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Contribution of 13 causes of death to changes in absolute inequalities in mortality between low and high educated. **a** Men, **b** Women.Notes: Difference between low and high expressed in annual mortality change, expressed as deaths per 100,000 person-years. For Eastern Europe changes have been calculated over the most recent observation period, with declining mortality. Excluding all other causes of death

Differences between countries in the extent of narrowing of inequalities in total mortality are partly dependent on whether or not there are causes of death for which declines in mortality have been larger among the high than the low educated, instead of vice versa. For example, Austria's very good performance is due to almost uniformly larger declines in mortality among the low educated. At the other end of the spectrum, Denmark's bad performance is due to the fact that for many causes of death declines in mortality have been larger among the high than the low educated. The excellent performance of Hungary (men) is based on massive reductions among the low as compared to the high educated in mortality from, among others, amenable causes and alcohol-related causes.

As we have seen, trends in inequalities in mortality are less favourable among women than among men. Figure [3](#Fig3){ref-type="fig"} shows that this is partly due to the fact that declines in mortality from smoking-related causes are mostly larger among the high than the low educated among women, whereas the reverse is true for men. The worse performance of the Nordic countries, however, is not only due to more unfavourable trends among the low educated in smoking-related mortality, but also to more unfavourable trends for other causes, including alcohol-related mortality and (in the case of Denmark) amenable causes.

As a second step, Table [2](#Tab2){ref-type="table"} presents the results of regression analyses in which we analysed which determinants of mortality were associated with a widening or narrowing of absolute inequalities in mortality. Trends in national income, income inequality, levels of democracy and health care expenditure have, on average, all been upwards, but their associations with mortality and mortality inequalities have been different. Rising national income was associated with declining mortality, but in absolute terms the relationship was not statistically significantly different between low and high educated, implying that absolute inequalities in mortality are not affected by rising national income. Rising income inequality was associated with rising mortality, particularly among men, and this relationship was stronger for the low educated, suggesting that rising income inequality may have contributed to widening inequalities in mortality. Rising levels of democracy were associated with rising mortality among the low educated, again suggesting a mortality widening effect. By contrast, rising health care expenditure was associated with stronger mortality decline among the low educated, implying that this may have contributed to a narrowing of inequalities in mortality. Table 2Results of regression analysesEffect of time on determinant in whole populationMain effect of determinant on mortalityInteraction effect between determinant and low education on mortalityEffect of trend in determinant on mortality inequalitesMenWomenMenWomenMenWomenMenWomenNational income**0.043\*\*\*0.043\*\*\***− **338\*\*\***− 78 (n.s.)− 69.4 (n.s.)15.0 (n.s.)NoneNoneIncome inequality**0.158\*\*\*0.158\*\*\*16.7\*\*\***0.6 (n.s.)**37.2\*\*\*18.5\*\*\***WideningWideningLevel of democracy**0.105\*\*\*0.105\*\*\***1.1 (n.s.)− **23.7\*\*\*90.8\*\*\*74.3\*\*\***WideningWideningHealth expenditure**0.124\*\*\*0.124\*\*\***− 29.2 (n.s.)− 8.9 (n.s.)− **168\*\*\***− **53\*\*\***NarrowingNarrowingControl variablesc, ec, ec, p, e, gc, p, e, gc, p, e, gc, p, e, gEffect of time on determinant in whole populationInteraction effect between time and low education determinantEffect of determinant on mortalityEffect of trend in  determinant on mortality inequalitiesMenWomenMenWomenMenWomenMenWomenSmoking− **0.004\*\*\***0.000 (n.s.)**0.005\*\*\*0.007\*\*\*1274\*\*\*361\*\*\***WideningWideningMaterial deprivation− 0.002 (n.s.)− 0.001 (n.s.)0.001 (n.s.)0.001 (n.s.)**1134\*\*\*265\*\*\***NoneNoneControl variablesc, ec, ec, e, yc, e, yc, e, yc, e, yControl variables: c = country, p = period, e = education, g = GDP, y = year. In bold: statistically significant (*p* \< 0.05). \*\*\**p* ≤ 0.001. n.s. = not statistically significant (*p* \> 0.05). More extensive results in Web appendix Table A5

As Table [2](#Tab2){ref-type="table"} shows, trends in smoking have also differently impacted mortality among the low and the high educated. Both smoking and material deprivation are strongly associated with mortality, but only the gap in smoking has widened over time, implying that trends in smoking have probably contributed to widening inequalities in mortality.

These results show that the narrowing of absolute inequalities in mortality that has occurred in at least some countries, particularly among men, has occurred despite several unfavourable trends, including rising income inequality, transitions towards democracy, and widening inequalities in smoking. The only factor that may have contributed to a narrowing of inequalities in mortality has been rising health care expenditure. This is illustrated in Fig. [4](#Fig4){ref-type="fig"}, with years of life lost as the measure of mortality.Fig. 4Association between health care expenditure and years of life lost.Notes: Each dot represents one observation (years of life lost by country, period, gender, level of education). Similar results for other mortality measures (mortality rates, life expectancy)

At each level of health care expenditure the low educated lose more years than the high educated, but the gap is considerably smaller at higher levels of health expenditure. This is not only seen in a simple correlation diagram as in Fig. [4](#Fig4){ref-type="fig"}, but also in country- and period-fixed effects analyses (Table [2](#Tab2){ref-type="table"}). Web Web appendix Table A6 shows that this effect of health care expenditure is seen for many causes of death, but particularly for mortality from amenable causes and cardiovascular diseases.

Discussion {#Sec7}
==========

Strengths and limitations {#Sec8}
-------------------------

This study provides a robust picture of trends in mortality inequalities in a large number of European countries and over a long period of time. Combining different measures of inequalities made us less dependent on the arbitrary choice of a more limited set of measures as used in previous studies. It has recently been argued that when studying trends in health inequalities measures of 'attainment' should receive equal attention as measures of 'shortfall', which are more commonly used and tend to show widening inequalities \[[@CR13]\]. Because 'attainments' and 'shortfalls' of mortality are more readily conceptualized in terms of years of life lived and lost, we have studied these together with mortality rates. The relationship between life expectancy and age-standardized mortality rates is mathematically complex, and includes a difference in the weight given to different age-groups \[[@CR17], [@CR18]\].

Our study shows that trends in ratios of years of life lived are much more favourable than trends in ratios of years lost (Table [1](#Tab1){ref-type="table"}). This is unsurprising in view of the fact that the number of years lived between ages 35 and 80 is much larger than the number of years lost, but our results nevertheless illustrate that whether inequalities in mortality narrow or widen over time is dependent on the measure used. There is no consensus among researchers or policy-makers on what measure of health inequalities to use, and apart from technical considerations value judgements are inevitable when choosing between measures \[[@CR19]\]. We have therefore based our rank order of countries on a range of different measures, helped by the fact that this ranking is not too different between measures (Web appendix table A4).

Another major strength of our study is that we have been able to study possible determinants of the magnitude of inequalities in mortality. Studies of determinants of the magnitude of health inequalities at the country-level are almost non-existent, and the only previous study we are aware of studied one point in time only \[[@CR11]\]. As our current study exploits time-series data using country- and period-fixed effects, it controls for a wide range of potential confounders. However, because our analyses are ecological in nature, the risk of ecological fallacy prevents us from making causal inferences, particularly about relationships between determinants and mortality at the individual level \[[@CR20]\].

Our study has several limitations. For Spain and Italy, only urban and relatively prosperous populations could be included. However, recent national-level studies from Spain and Italy found similarly small inequalities in mortality in the whole country as in these regional populations \[[@CR21], [@CR22]\]. Data from Spain, Hungary and Poland were collected in a cross-sectional unlinked design, whereas data from all other countries were collected in a longitudinal design. However, as our main concern is with changes in mortality over time, and as the study design has remained identical, this is unlikely to have biased our findings.

We used level of education as our measure of socioeconomic position, and this does not cover all dimensions of social inequality. However, recent studies of European countries for which more indicators are available, have shown that trends of mortality inequalities by occupational class are largely similar to those by educational level \[[@CR23]\]. Our study covers adult ages between 35 and 80 years, implying that the many deaths occurring at higher ages are not included, and neither are deaths occurring at younger ages for which trends and contributing causes may partly be different.

Interpretation {#Sec9}
--------------

The challenge facing countries that aim to reduce inequalities in mortality in a context of rapid mortality decline, is to make sure that the mortality decline in lower socioeconomic groups exceeds that of higher socioeconomic groups. The general rise of relative inequalities in mortality shows that almost no European country has achieved this for relative (i.e., percentage) mortality declines. On the other hand, many European countries have achieved this for absolute mortality declines, particularly among men, as shown by a decline of absolute inequalities in mortality. It can also be mathematically demonstrated that a narrowing of absolute inequalities occurs under a much wider range of conditions, in terms of combinations of changes to mortality in lower and higher socioeconomic groups, than a narrowing of relative inequalities in mortality \[[@CR24]\].

It is encouraging to see that some European countries have achieved absolute reductions in mortality among the low educated strongly exceeding those among the high educated. This applies, first of all, to some Eastern European countries, particularly Hungary and Estonia. Although the period of mortality decline covered by our analysis is still rather short, the achievements of both countries are spectacular. The recent declines in average mortality in Eastern Europe have been attributed to a combination of long-term declines in smoking, improvements in health care, dietary changes, road traffic safety measures and alcohol control policies \[[@CR25]\]. Apparently, Hungary and Estonia have managed to bring the benefits of these mortality-lowering policies also to the low educated.

However, some Western European countries have also done very well, particularly Austria, England and Wales, Italy (Turin), Spain (Barcelona) and Switzerland. Our cause-specific mortality results suggest that the reductions in absolute inequalities in mortality have been achieved as a by-product of population-wide improvements in prevention and treatment, particularly for ischemic heart disease, smoking-related causes, and causes amenable to medical intervention. In the case of ischemic heart disease, these trends must be due to more favourable changes in either 'proximate' determinants of ischemic heart disease, such as health-related behaviours (e.g., smoking, diet, exercise) or health care effectiveness (e.g., hypertension detection and treatment, thrombolytic therapy), or both, among the low than the high educated. A recent narrowing of absolute inequalities in cardiovascular disease mortality has previously been reported for both England and Scotland, and has been attributed to an even distribution of treatment benefits rather than to risk factor changes \[[@CR26]\].

The worst performers, both among men and among women, are three Nordic countries: Finland, Norway and Denmark. We have demonstrated previously in cross-sectional analyses that, unlike what one would expect on the basis of their universal and generous welfare states, these countries do not have smaller health inequalities than other European countries \[[@CR27]\]. This new analysis shows that over the past decades, these countries have also experienced relatively unfavourable trends in inequalities in mortality. This 'Nordic' paradox has a complex explanation, including further advanced changes in social stratification and social mobility than elsewhere in Europe; further advanced changes in smoking, fertility behaviour and other proximal determinants of population health; and stubborn persistence of inequalities in social disadvantage \[[@CR28]\].

Our study of determinants of mortality inequalities showed that trends over the past 25 years in several determinants may have contributed to a widening of inequalities in mortality. Income inequality has gone up \[[@CR29]\], and this has been associated with rising mortality, but more so among the low than the high educated, suggesting an inequalities-widening effect. Levels of democracy have gone up in Eastern Europe in the 1990s, and the accompanying political and economic turbulence has been associated with a temporary rise in mortality, but more so among the low than the high educated, as a result of their greater vulnerability to increased economic stress and disruption of social and health care services \[[@CR30]\]. Smoking has mostly gone down, but more so among the high than among the low educated \[[@CR31]\], again implying an inequalities-widening effect.

Only rising health care expenditure was associated with smaller absolute inequalities in mortality. In a more detailed analysis reported elsewhere we have shown that this effect applies particularly to causes amenable to medical care, and not to non-amenable causes \[[@CR32]\]. These results were obtained with regression models controlling for national income and country- and period-fixed effects, and are therefore robust against various sources of confounding.

This suggests that in many European countries health care expansion, in response to greater demand and enlarged opportunities for medical intervention, has not only contributed to average mortality decline as shown elsewhere \[[@CR33]\], but may also have had a dampening effect on inequalities in mortality. Even though it would be better to tackle the root causes of health inequalities \[[@CR34]\], this is good news, and shows that the role of health care in reducing, or simply containing, health inequalities should not be ignored.
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